Introduction
Tuberculosis (TB) and human immunodeficiency virus (HIV) co-infection is a severe public health problem around the world [1] [2] . Beginning in the 1980's, the epidemic of AIDS has accelerated the rates of transmission and mortality due to TB. The rate of TB/HIV co-infection peaked in the 1990's. With the implementation of antiretroviral treatment (ART), the incidence of TB has decreased slowly. Unfortunately, globalization with economic and cultural exchanges has contributed disease spread in recent years [3] . The increased trend of TB/HIV co-infection is approximately 10% per year [4] . In 2014, almost 1.2 million cases (12.5%) of TB worldwide were associated with HIV infection, and TB accounts for an estimated 350,000 deaths among HIV-infected persons. Asia has a high-prevalence area of TB/HIV co-infection second to Africa [5] .
The prevalence of HIV infection in the Asia-Pacific region (including China) is at medium level (0.09%). The number of HIV/AIDS cases in China has increased since the first case was identified in 1985, although the prevalence rate is relatively low (< 0.09%). However, the burden of TB in China is heavy. According to World Health organization (WHO) [4] , the TB cases reported from China was the third highest globally in 2014, following India and Indonesia. As one of the poorest provinces in China, Guangxi is also regarded as a high HIV and TB prevalence area, where the annual number of TB/HIV cases reported by health department is the largest in China [6] [7] . However, studies of the burden of TB-HIV co-infection and the risk factors for active TB among HIV-infected persons in Guangxi have rarely been reported. For this reason, we investigated the prevalence and risk factors for active TB among people living with HIV/AIDS receiving care in three AIDS prevention and control departments in higher HIV prevalence cities in Guangxi.
Methods

Study population and diagnostic methods
The study population was composed of 1 019 people living with HIV/AIDS who received care at three AIDS prevention and control departments between 2013 and 2015. A surveillance survey was conducted using questionnaire(collecting demographic behavioral and clinical characteristics), medical records review(collecting HIV testing information, latest CD4+ T-cell count, ART status and therapeutic schedule) and TB screening[including symptom screen, image examination (IE), Interferon-Gamma Release Assays (IGRAs) [8] , sputum culture, drug sensitivity testing and Xpert MTB/RIF Assay [9] . Unfortunately, we haven't access to the information of viral load determination because of the shortage of reagent at the time of the study. MTB infection case was defined by IGRAs positive. Clinically diagnosed active TB case was defined by IE and TB symptom positive. Confirmed active TB was diagnosed by direct detection methods, including sputum culture or Xpert MTB/RIF Assay or histopathological examination of non-sputum specimens. All study patients provided three sputum samples (one spot sample, one morning sample and another evening sample) for bacteriological examination and whole blood (more than 4 ml) for IGRAs. (Fig 1) .
Study design and variables
We analyzed the cumulative prevalence of active TB (included clinically diagnosed and confirmed cases) among 1 019 people living with HIV/AIDS during the study period. To survey factors associated with occurrence of active TB in people living with HIV/AIDS, we performed a 1:1 matched case-control study. The case group included 82 HIV-infected patients with active TB, after exclusion of 10 subjects who were unwilling, 8 subjects unable to participate in this project with mental disease or severe complication, 1 subjects who died at the time being diagnosed active TB and 59 subjects who could not be matched 1:1 with controls in their surveillance site. All subjects in the case group had TB newly diagnosed during the research period. The control group consisted of 82 HIV-infected patients without active TB or latent mycobacterium tuberculosis infection (LTBI) or other lung disease, who were matched with the case group based on surveillance site, sex and age (±3) years for avoiding confounding.
The following variables were also assessed: demographic characteristics (occupation, Ethnicity, education status, marital status, place of residence, local residence duration, household income per capita, number of family members), behavioral characteristics (history of close contact with TB patient, history of BCG vaccination, history of former plasma donors, history of intravenous drug abuse, HIV infection status of regular sex partner, extramarital sex, con- 
Statistical analysis
Categorical data were analyzed using independent sample Chi-square tests and Continuous variables were analyzed using independent sample t tests. A conditional logistic regression analysis was used to avoid effects of confounding variables for active TB. For this analysis, those variables with P < 0.05 on the univariate analysis were entered into the multivariate analysis model. For stepwise multivariate analysis, if there was significant correlation between independent variables, only one was entered into the model to avoid multicollinearity. Variables with a significant association in bivariate analysis were included in a final logistic regression model. All P values were two-tailed, and P < 0.05 was considered statistically significant. Odds ratios (OR) and their 95% confidence intervals (CIs) were estimated using conditional logistic regression, with TB as an outcome. All of the statistical analyses were performed using Epi-Info (version 6, CDC, Atlanta, GA) and IBM SPSS statistical data editor (version 19, Statistical Product and Service Solutions, Chicago, IL). This research was approved by the Institutional Review Board of the Guangxi (IRB 0001594, FWA 00001359). Ethics committees approve this consent procedure. All participants provided their written informed consent to participate in this study.
Results
Population of TB surveillance
The mean age of the 1 019 HIV-infected patients enrolled was 48.97±14.44 years (mean ± standard deviation) (range 19~85). Sex ratio was 2.33: 1 (male/female). The majority of subjects reported their occupation as farmers (61.3%), followed by unemployed (14.3%). (Table 2 ). 
Discussion
The risks factors associated with TB among people living with HIV/AIDS could generally be divided into two categories: biological and non-biological factors. It is clear about the biological factors. When MTB infects individuals infected with HIV, it can stimulate viral replication and accelerate HIV disease progression [10] [11] [12] . HIV infection can also make a person get active TB easier by inducing cytokines-II [13] . However, external factors are very complicated. Social activities and environment can influence disease transmission and change their expected course. WHO published HIV/AIDS prevention and antiretroviral treatment guidelines in 2015 and strongly recommended that all individuals with HIV/AIDS should receive ART as soon as possible, regardless of CD4 + cell count [14] . ART not only can reduce the incidence of opportunistic infectious diseases (including TB), but also can prevent the secondary transmission of HIV. After diagnosis of TB, individuals should initiate ART in two to 8 weeks. Some cohort studies have shown that TB incidence decreased by 70~90% in HIV-infected subjects receiving ART [15] [16] . Unfortunately, the surveillance population in our study sites had lower rate of ART use (47.4%). It is probably because of the lack of health knowledge and poor conditions in rural area. The multivariate analysis also showed an obvious difference between the ART recipients and the ones who were not receiving ART. The risk of TB disease among those who had not received ART was about 8 times higher than those who had received it (OR = 7.775). This indicates that the most effective way to prevent active TB in people living with HIV/AIDS is initiating ART as soon as possible. Physicians should monitor the indicators closely during the process of treatment for the occurrence of immune reconstitution inflammatory syndrome related TB [17] . Our study shows the significant correlation between lower CD 4 + T-cell count and active TB among HIV infected patients, as has been previously reported [18] . The risk of TB disease among those with CD 4 + T-cell counts less than 200 was 3 times higher than those with higher levels of CD 4 + T-cells (OR = 3.288). impaired immunity creates the prerequisite for mycobacterium tuberculosis infection., proliferation and spread. We should note that the onset of TB in an individual infected with HIV is insidious because of the impaired immune response [19] . Physicians often misdiagnose TB in those with mild clinical signs and atypical medical imaging. Another result of our research identified a long duration of HIV infection as another independent risk factors (OR = 5.946). As an incurable disease, AIDS can destroy the body's defense system step by step. But some opportunistic infections can be prevented and controlled, including TB. So we suggest that medical institutions to provide regular TB screening every year, and increase the frequency of clinical evaluation for patients with longer duration of HIV infection and in those living with low CD 4 + T-cell counts, regardless of the presence of clinical symptoms. It is also necessary for patients with LTBI to received isoniazid preventive therapy (IPT) to avoid active TB [20] .
In this study, we also focus on behavioral and clinical factors for TB in HIV-patients. The result of multivariable analysis shows a significant correlation between smoking and active TB among HIV infected individuals. This the same result has been observed in West Africa [21] , Thailand [22] , India [23] and China [24] . The possibility of active TB among smokers was 3 times that of non-smoking subjects in our study (OR = 2.996). Although the correlation between smoking and active TB remains controversial, two meta-analysis provide more evidence for the association between smoking and active TB [25] [26] . At present, China is the largest consumer of tobacco worldwide. There are 350million smoking adults, and about 1 million people die each year from smoking related diseases [27] . Burning of tobacco produces at least 5 different known human carcinogens and a variety of toxic substances that can damage the respiratory mucociliary transport system and block the body's removal of mycobacterium tuberculosis. Therefore, medical workers should strengthen the health education aspect of their daily work. Great efforts should be made to inform patients the dreadful consequences of smoking and encourage smokers to quit.
This research detected active TB by multiple methods, including symptom screening, digital chest image, CT, sputum culture, Xpert-MTB/RIF Assay, IGRAs, histopathological examination and drug sensitivity or biochemical testing. This can help to increase the sensitivity for identifying active TB and LTBI in HIV-infected patients and excluding NTM. Thus we feel this result of prevalence rate is a credible estimate.
One meta-analysis of active TB prevalence in HIV-infected patients in Mainland China (including 29 studies) from 2010 showed that the average prevalence rate was 7.2% [28] . In our research this rate was 15.6%, two-fold higher than the reported average rate. And this rate also higher than that in Yunnan, Sichuan and Henan [29] . The HIV infection rate among new active TB patients was also higher than the average rate in China [30] . As the area has double the disease burden, the TB/HIV co-infection situation is severe. Although the TB prevalence rate in the general population of Guangxi (about 90 cases/100 000 py) [31] [32] is higher than that in USA (3.4 case/100 000 in 2011) [33] . this rate among HIV/AIDS population was 173 times higher than that in the general population of Guangxi. For decades, few studies have investigated the risk factors for active TB among HIV-infected patients in Guangxi. It is necessary for us to find the causes for this situation.
Limitations
There were some limitations in our research. First, as a pair-matched case-control study, it was difficult to select controls, especially in inpatient group. The inpatients with HIV were serious and maybe got another pulmonary opportunistic infectious disease except TB. So the individual with lung disease should be out. Next step, we may search the controls from outpatients. Second, as a retrospective study, there was a potential for bias and inaccurate data collection. A prospective cohort study would provide more complete data. Third, as a multivariable analysis, there may have been some risk factors we did not account for, such as awareness of TB and HIV, living environment and biological indicators.
Conclusion
The prevalence of TB among people living with HIV/AIDS in Guangxi was 173 times higher than general population in Guangxi. This is a severe public health problem in Guangxi. It is necessary for the government to integrate the treatment and control of the two diseases for optimal planning and resource allocation. Further strategies for the prevention and treatment among TB/HIV co-infected patients should be implemented. According to the multivariate analysis, the risk factors for active TB among people living with HIV/AIDS were smoking, lower CD 4 + T-cell count, long duration of HIV-infection and the lack of ART. We suggest that medical and public health workers should strengthen health education of TB/HIV prevention and treatment, and support smoking cessation. High frequency of TB surveillance and early initiation of ART is necessary, as is IPT and infection control in healthcare facilities.
